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ABSTRACT 

Microbial and plant extracts are productive sources of new bioactive metabolites for 

drug discovery. Screening for secondary metabolites is an established method to 

identify novel biologically active molecules. The screening system used in this study 

was yeast-based screening system. The glycogen synthase kinase-3 beta (GSK-3~) 

and mitogen-activated protein IUnase kinase (MAPKK) were the molecular targets of 

this study since these kinases playa vital role in tumorigenesis, apoptosis, and cell 

proliferation. Mutant yeasts strain MKK 11'386 and HI0075 were used as models for 

searching MAPKK and GSK-3~ inhibitors. The acetone extract of actinomycete strain 

H7667 showed GSK-3p inhibitory activity but not against MAPKK inhibitory 

activity. The active acetone extract of H7667 was dried and subjected to liquid-liquid 

extraction with butanol and aqueous at ratio of ): I. The obtained butanol extract of 

H7667 gave five significant peaks with retention time at 4.5 min, 18.4 min, 19.0 min, 

21.4 min and 23.5 min respectively as analysed using RP-HPLC. The fractions of this 

extract showed negative results against the GSK-3~ possibly due to small amount of 

bioactive compounds after fractionation. Five of the 27 plant extracts (crude, 

chloroform, methanol: aqueous and n-butanol extracts of Allium cepa, and aqueous 

extract of Tinospora cri5pa) had shown potent inhibitory activity against the MAPKK, 

whereas the Piper nigrum crude and chlorofoml extracts had shown to be potential 

inhibitors against GSK-3p. The n-butanol extract of Allium sativum showed toxicity 

against both MAPKK and GSK-3p. The Allium cepa, Tinospora crispa and Piper 

nigrum are potent anti-MAPKK and anti-GSK-3p agents which can be further 

developed as drugs for cancer and Alzheimer's diseases treatments. 
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PENYARINGAN PERENCAT KINASE PROTEIN DARIPADA EKSTRAK 

MICROBIAL DAN TUMBUHAN 

ABSTRAK 

v 

Ekstrak mikrobial and tumbuhan merupakan sumber bagi metabolit bioaktif untuk 

penemuan ubat-ubatan baru. Penyatingan metabolit sekunder merupakan satu kaedah 

yang telah digunakan untuk mengenalpasti molekul yang bioaktif dan barn. Sistem 

penyaringan yang digunakan dalanl kajian ini adalah berdasarkan sistem yis. GSK-3{3 

dan MAPKK dipilih sebagai sasaran pada peringkat molekular kerana mereka 

memainkan peranan yang penting dalam tumorigenesis (pertumbuhan tumor), 

apoptosis (pemicu kematian sel) dan proliferasi sel. Strain yis mutan MKKI P386 dan 

HI0075 digunakan dalam sistem penyaringan perencat-perencat MAPKK and GSK-

3{3 masing-masing. Ekstrak aseton bagi strain actinomycete H7667 menunjukkan 

aktiviti perencatan dalam sistem penyaringan perencat GSK-3{3 tetapi ia tidak 

menunjukkan aktiviti perencatan dalam sistem penY31ingan perencat MAPKK. 

Ekstrak aseton H7667 dikeringkan dan diekstrak dengan pengekstrakan cecair-cecair 

pada nisbah butanol:akueus (1: 1). Ekstrak butanol ini dianalisis dengan RP-HPLC di 

mana lima puncak yang signifikan didapati pada masa retensi 4.5 min, 18.4 min, 19.0 

min, 21.4 min and 23.5 min masing-masing. Fraksi-fraksi ekstrak ini tidak merencat 

GSK-3{3 disebabkan oleh amaun kompoun bioaktif yang sedikit selepas fraksinasi. 

Lima daripada 27 ekstrak-ekstrak tumbuhan (ekstrak mentah, ekstrak-ekstrak 

klorofOlID, methanol: akueus dan n-butanol Allium cepa, dan ekstrak akueus 

Tinospora crispa) merupakan perencat MAPKK yang berpotensi. Ekstrak mentah dan 

ekstrak klorofOlID Piper nigrum berpotensi menjadi perencat GSK-3{3. Ekstrak n

butanol Allium sativum adalah tosik terhadap MAPKK d311 GSK-3{3. Allium cepa, 

Tinospora crispa dan Piper nigrum berpatensi menjadi agen-agen anti-MAPKK dan 

anti-GSK-3{3 yang sesuai diperkembangkan sebagai ubat-ubatan untuk rawatan cancer 

dan penyakit Alzheimer. 
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CHAPTER J 

INTRODUCTION 

1.1 Introduction 

All known cultures from ancient times to the present day have used plants as a source 

of medicines. According to the world Health Organization (WHO), nearly 70% of the 

world's population use medicinal plant remedies, especially those in the developing 

and under-developed countries (Shamsul Khamis et al., 2003). In those countries 

plants are sometimes used as sources of direct-therapeutic agents because they are 

easily and cheaply available and modem medicine could be expensive. 

However, in ancient times, the traditional medicine practitioners were using 

plants to cure illness and diseases, such as asthma, fever, eye sore, cancer. kidney 

problem and so on, without knowing the chemical ingredients in plants. Nowadays, 

with the development of science and technology, scientists are working on isolation 

and characterisation of new compounds from plants. They also study on bioactivities 

of crude extracts and purified chemical compounds. Thus, the herbal medicine has 

regained its popularity as a complementary or alternative medicine and is gaining 

world acceptance. With the increase in the popularity of the plants as an alternative 

medicine, more herbal drugs are now available in various forms ' 
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include tablets, capsules and tea- bags as well as in the form of chips and fragments 

for boiling. For example, Diosgenin, a compound found in wild yam, has been used 

as the primary chemical base for the synthesis of many pharmaceutical steroidal drugs. 

According to the latest reports, there are about 1200 species of plants in Malaysia that 

have potential pharmaceutical value. Plans have also been drafted to develop Malaysia 

into one of the largest global producer of herbal raw materials and products by 2010 

(Khatijah Hussin, 2006). 

Even though much of the emphasis has been based on traditional medicinal 

plants, the microorganisms do not loose their important role as a source of medicine. 

Microorganisms have produced secondary metabolites for microbial interactions or 

defence substances to fight other organisms. Some of these secondary metabolites are 

containing biologically active compounds, which can act as antibiotics. For instance, 

the invisible microbes like filamentous bacteria, actinomycetes, mycobacterium and 

fungi , have produced most of the important antibiotics and other pharmaceutical 

compounds. Thus, a biological approach has been developed to capture the 

biodiversity of the actinomycetes and microfungi from the forests of Malaysia, 

particularly Sabah. This approach is developed to isolate as many different (10 000) 

strains of actinomycetes and fungi, so that a few of them (less than 10) would produce 

the desired secondary metabolites against the selected molecular targets in the 

screening programme for compounds against tuberculosis, cancer and memory loss 

(Ho,2003). 

Recently, signal transduction, the transmission of signals within the cell, 

becomes one of the most important aspects of research on dis 
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to environmental signal. The binding of extracellular stimulus such as growth factors 

and hormones to the receptor can stimulate intracellular responses that including cell 

proliferation, differentiation , gene transcription, metabolism, motility and apoptosis. 

Most of diseases such as cancer and diabetes are caused by the failure in function of 

signal transduction pathway. CommonJy, signal transduction pathways in eukaryotes 

regulate protein kinases that phosphorylate and control the activity of proteins 

involved in metabolic and transcription events (Sitatamayya, 1999). Deregulated of 

those protein kinases activities is a cause of disease. Due to protein kinases play an 

essential role in virtually al1 cellular processes and in most diseases, extensive 

searches for selective inhibitors of these enzymes have been carried out. 

1.2 Objectives of Study 

The following are the objectives ofthis study: 

a. To screen for inhibitor against mitogen-activated protein kinase kinase 

(MAPKK) from microbial and plant extracts. 

b. To screen for inhibitor against glycogen synthase 3-beta (GSK-3~) from 

microbial and plant extracts. 

c. To fractionate the active microbial extract 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction 

This literature review encompassed the actinomycetes and plant samples used in this 

research. This chapter would latter delve into signal transduction, protein kinase, MAPK 

cascade, GSK-3~ and inhibitors of MAPK and GSK-3~. 

2.2 Actinomycctes 

Actinomycctes arc bacteria that belonging to order Actinomycetales. They are filamentou s. 

gram-positive bacteria that form branching filaments. They contain high composition of 

guanine and cytosine (GC) of about 63-78% of DNA base composition (Madigan et aI. , 

2003). Their morphology resembles that of filamentous fungi. However, their filaments 

consist of the prokaryotic cells with the diameter of the filaments are smaller than the 

fungi (Tortora el aI., 2002). They form a ramifying network of filamentous known as 

mycelium. They will form spore when mature. The manner of the formation is usually 

used to distinguish between actinomycetes. Actinomycetes are primarily soil organisms 
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(Madigan et 01., 2003). A few of them can be found in aquatic habitats (Lam, 2006). They 

are also found in mud at the bottom of ponds, lakes and rivers. 

Some of the genera of actinomycetes are Streptomyces, Nocardia , Gordonia, 

Streptosporangium and Rhodococcus (Tortora et 01. , 2002). Genus Streptomyces is the 

most abundant and the best studied actinomycetes. This bacterium is commonly isolated 

from the soil and produces a gaseous compound called geosimin that gives the fresh soil 

its earthy odour (Madigan et of., 2003). The aerial filaments of streptomyces are called 

sporophores. Streptomyces form spores (called conidia) at the end of the aerial filaments 

(Tortora el 01., 2002). Mature Streptomyces often has pigmented conidia and sporophores. 

Different types of Streptomyces could have different colour of conidia and sporophores. 

This is the unique characteristic of the Streptomyces (Madigan et 01.,2003). 

2.2.1 Actinomycetes Secondary Metabolites 

Actinomycetes produce secondary metabolite to inhibit the growth of other bacteria. They 

do so for protection of themselves. Actinomycetes are most economically and 

biotechnologically valuable microorganisms. This is due to the fact that they are 

responsible for the production of about half of the discovered bioactive secondary 

metabolites, antibiotics, antitumour agent, and immunosuppressive agents such as 

bonactin (antibacterial and antifungal), chinikomycins (anticancer) and diazepinomicin 

(antibacterial, anticancer and anti-inflammatory) (Lam, 2006). About 70% of known 

drugs have been isolated from actinomycetes bacteria (Medhi et 01., 2006). Streptomyces 
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are th e largest producer of secondary metabolites that are valuable In pharmaceutics 

(Madigan et af. , 2003). 

An important group of secondary metabolites such as immunosupressants FK506 

(tacro limus) (Kino el al., 1987), FK 520 (ascomycin) (Hatanaka e( al., 1988 a) and 

rapamycin (s iro limus) (Sehgal et al. , 1975) is produced by Streptomyces sp. and 

Streptomyces hygroscopicus, respectively. Actinomycetes may have originally evo lved 

the abi lity to synthes is and secret FK506 and rapam yc in as antimicrobia l agents to inhibit 

the growth of competing microorganisms in the soil (McCabe et al., 1986). 

2.3 Plants used in the Study 

There are II plant species studied: Allium cepa, Allium sativum, A fpinia galangal, 

Anacardium Occidentale, Calophyllum inophylium, Centella asiatica, Chromolaena 

odorata, Piper nigrum, Polyalthia bullata King, Tinospora crispa and Zingiber officinale. 

Garl ic (A llium Sativum) and Onion (Allium cepu) are among the oldest of all 

cultivated plants with their origin in centre Asia. Garlic has been used as spice, food and 

folklore med icine for over 4000 years, and is the most widely used research medic ina l 

plant (A li el al. , 2000). They are widely known for their biologica l properties. The 

compounds involved in the biological mechanisms have been identified from them. such 

as su lphur and se leno compounds. The beneficial effect of garlic on health including 
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protection against cardiovascular diseases and cancers results from all of these 

compounds (Arnault and Auger, 2006). 

Afpinia galangaf is a kind of plant in Zingiberacea family. This plant contains 

essential oil , flavonoids (e.g. galangin, galangin monomethyl ether, kaempferol and 

quercetin). In traditional medicine in Malaysia, an infusion of the rhizome is used for 

treating fever, bronchitis, rheumatism and diabetes (Samy el al. , 2005). 

Anacardium Occidentale is a plant belonging to Anarcardiaceae family. It 

contains oleic glyceride, stearic glyceride, anacardic acid, gum-arabic and bassorin. In 

traditional medicine, the bark is boiled in water and drunk for treatment of diarrhoea. 

mouth ulcers and diabetes. The oil from the peri carp is applied on warts, cracks on soles 

of feet, corn and leprous sores (Samy el af., 2005). 

Calophyllum inophyllum is a plant belonging to Clusiaceae family. Its leaves and 

seed contain inophyllum Band P, which are potent non-nucleoside inhibitors of human 

immunodeficiency virus (HIV) type I. It also contains 4-phenylcoumarins that may be 

potential cancer chemopreventive agents. Besides, its flowers contain essential oil which 

composed or 25 compounds that have antibacterial, anti-inflammatory and phagocytosis 

stimulant activities. Other chemical constituents include hydroxyl acid , calophyllic acid , 

hydrocyanic acid and saponin . It has been used to treat rheumatism, bums and inflamed 

eyes (Samy el al. , 2005). 

UMS 
UNIVERSITI MALAYSIA SABAH 



96 

REFERENCES 

Abd Shukor, S. 2006. Phytochemical and Pharmacology Studies on Tinospora Cri5pa. 

Bachelor of Science Dissertation, Universiti Malaysia Sabah (Unpublished) 

Ali, M., Thomson, M. & Afzal, M. 2000. Garlic and onions: the ir effect on eicosanoid 

metabolism and its clinical relevance. Prostaglandins. Leukotrienes and 

Essential Fatty Acids 62 (2), pp. 55-73. 

Andoh, T., Hirata, Y. & Kikuchi, A. 2000. Yeast glycogen synthase kinase 3 is 

involved in protein degradation in cooperation with Bull, Bu12, and Rsp5. 

Molecular and Cell Biology 28 (18), pp. 6712-6720. 

Arnall It, 1. & Auger, J. 2006. Seleno-compounds 111 garlic and onion. Journal of 

Chromatography A 1112, pp. 23-30. 

Brondello, J.M., Brunet, A., Pouyssegur, 1. & McKenzie, F.R. 1997. The dual 

specificity mitogen-activated protein kinase phosphatase-l and -2 are induced 

by the p42/p44 MAPK cascade. Journal Biological! Chemistry 272 (2), pp. 

1368-1376. 

Buday, L. & Downward, J. 1993. Epidermal growth factor regulates p21 ras through 

the formation of a complex of receptor, Grb2 adapter protein, and Sos 

nucleotide exchange factor. Cell 73, pp. 611-620. 

Carpenter, G. & Cohen, S. 1976. 125I-labeled human epiderrnal growth factor. 

Binding, internalization, and degradation in human fibroblasts. Journal Cell 

Biology 71 ( I), pp. 159-171. 

Camps, M. , Nichols, A., Gillieron, C., Antonsson, B. , Muda, M. , Chabert, C., 

Boschert, U. & Arkinstall , S. 1998. Catalytic activation of the phosphatase 

MKP-3 by ERK2 mitogen-activated protein kinase. Science 280 (5367), pp. 

1262-1265. 

UMS 
UNIVERSITI MALAYSIA SABAH 



97 

Cobb, M. H. & Goldsmith, E. 1. 1995. How MAP Kinases are Regulated. The Journal 

of Biological ChemistlY 270, pp. 14843-14846. 

Cohen, P. 2002. Protein kinases- the major drug targets of the twenty-first century? 

Nature Reviews 1, pp. 309-315 

Cohen. P. & Goedert, M. 2004. GSK3 inhibitors: Development and therapeutic 

potential. Nature Review 3, pp. 479-487. 

Cooper, G. M. & Hausman, R. E., 2004. The Cell: A Molecular Approach. yd ed. 

ASM Press, Washington D. C. 

Czech, C., Tremp, G. & Pradier, L. 2000. Presenilins and Azheimer's disease: 

biological functions and pathogenic mechanisms. Progress in Neurohiology 

60, pp. 363-384. 

Dale, T. C. 1998. Signal transduction by the Wnt family of ligands. Journal 

Biochemistry 329. pp. 209-223. 

Darus, A. H. 2006. Anl!leedanl and Allelopathy Properties of Some Local Medicinal 

Plant. Bachelor of Science Dissertation, Universiti Malaysia Sabah 

(Unpublished) 

Doble, B. W. & Woodgett. J. R. 2003. GSK-3: tricks and the trade for a multi-tasking 

Kinase. Journal of Cell Science 116, pp. 1175-1186. 

Doerid. C., Billker, 0., Pratt, D. & Endicott, 1. 2005. Protein kinases as targets for 

antimalarial intervention: kinomics, structure-based design, transmission

blockage, and targeting host cell enzymes. Biochemica et Biophysica Acta 

1754 (1-2), pp. 132-150. 

UMS 
UNIVERSITI MALAYSIA SABAH 



98 

Embi, N., Rylatt, D. B. & Cohen, P. 1980. Glycogen synthase kinase-3 from rabbit 

skeletal muscle. Sepation from cyC\ic-AMP-dependent protein kinase and 

phosphorylase kinase. Journal Biochemistry 107, pp. 519-527. 

Finkel, T & Gutkind, 1. S. 2003. Signal Transduction and Human Disease. 151 Ed. 

John Wiley and Sons, New Jersey. 

Fischer, E. H. , 1992. Nobel Lecture: Protein Phosphorylation and Cellular Regulation, 

/I. University of Washington, USA. 

Foo, S. H. 2006. Screening Jor Microbial lnhihilors oj Signal Transduction 

Particularly Ihe Akl/ GSK-3fJ Pathway. Degree of Master Thesis, Universiti 

Malaysia Sabah (Unpublished). 

Frame, S. & Cohen, P. 2001. GSK-3 takes center stage more than 20 years after its 

discovery. Journal Biochemistry 359, pp. 1-16. 

Goh, . W. 2006. Antimicrobial Property of Some Local Medicinal Plants. Bachelor 

of Science in Industrial Chemistry (Hons), School of Science and Technology, 

Universiti Malaysia Sabah (Unpublished). 

Grimes, C. A. & Jope, R. S. 200 I. The multifaceted roles of glycogen synthase kinase 

3~ in cellular signaling. Progress in Neurobiology 65, pp. 391-426 

Gustin, M. C., Albertyn, 1. & Alexander, M. 1998. MAP kinase pathways in the yeast 

Saccharomyces cerevisiae. Microbiology and Molecular Biology Reviews 62 

(4), pp. 1264-1300. 

Hamdan Noor & Ashcroft, S. 1. H. 1998. Pharmacological characteristisation of the 

antihyperglycaennic properties of Tino:o.pora crispa extract. Journal of 

Elhnopharmacology 62, pp. 7-13. 

UMS 
UNIVERSITI MALAYSIA SABAH 



99 

Hardie. G & Hanks, S. (eds) 1995. The Protein Kinase Facts Book: Prole in- Serine 

Kinase. Academic Press Limited, London. 

Hatanaka, M., Iwami , M., Kino, T. , Goto, T. and Okuhara, M. 1988. FR-900520 and 

FR-900523 novel immunosuppressant isolated from a Streptomyces: 

Taxonomy of the producing strain. Journal AClibiotics 41 , pp. 1586-1591 

1[0 . C. C. 2003 . Professorial Lecture Series: Molecular Cell Biology, Biodiversity and 

Biotechnology. Universiti Malaysia Sabah, Kota Kinabalu. 

Il oshino. R .. Chatani , Y. , Yarnori , T., Tsuruo, T., Oka, H., Yoshida, 0., Shimada, Y., 

Ari-i , S., Wada, H., Fujimoto, J., et al. 1999. Constitutive activation of the 

41-/43-kDa mitogen-activated protein kinase signalling pathway in human 

tumours. Oncogene 18 (3), pp. 813-822. 

Hughes, K .. Ramakrishna, S., Benjamin, W. B., Woodgett, J. R. 1992. Indentification 

of multifunctional A TP-cutrate lyase kinase as the a-isoform of glycogen 

synthase kinase-3. Journal Biochemistry 288, pp. 309-314. 

Ikeda, S., Kishida, S., Yamamoto, H., Murai, H. , Koyama, S. & Kikuchi , A. 1998. 

Axin , a negative regulator of the Wnt signalling pathway, forms a complex 

with GSK-3~ and ~-catenin. EMBOJourna117, pp. 1371-1384. 

Jikunan. M. G., 2000. Penyaringan Fitokimia dan Farmak%gi ke atas Tumbuh

lumhuhan Berubat yang Dijual di Tamu Sabah. Bachelor of Science 

Dissertation, School of Science and Technology, Universiti Malaysia Sabah 

(Tidak diterbitkan) 

Jope. R. . & Johnson, G. V. W. 2004. The glamour and gloom of glycogen synthase 

Kinase-3. TRENDS in biochemical Sciences 29 (2), pp. 95-102. 

UMS 
UNIVERSITI MALAYSIA SABAH 



100 

Kang, D. E., Soriano, S., Frosch, M. P., Collins, T., Naruse, S., Sisodia, S. S. , 

Leibowitz, G., Levine. F., Koo, E. H. 1999. Presenilin I facilitates the 

constitutive turnover of B-catenin: differential activity of Azhiemer's disease

linked PS I mutants in the B-catenin-signaling pathway. Journal Neuroscience 

19, pp. 4229-4237. 

Khatijah Ilussin. 2006. Anatomical Atlas of Malaysian Medicinal Plants. 151 ed. 

Penerbit Universiti Kebangsaan Malaysia, Selangor. 

Kino, T., Hatanaka, H., Miyata, S. 1987. FK506, a novel immunosuppressant isolated 

from a Streptomyces: II immunosuppressive effect of FK506 in vitro. Journal 

Antibiotics 40, pp. 1256-1265. 

KJien, M . P. , Morimoto, R. 1. 1997. Repression of the heat shock factor I 

transcriptional activation domain IS modulated by constitutive 

phosphorylation. Molecular Cell Biology 17, pp. 2107-2115. 

Kohno, M. & Pouyssegur, .J. 2003. Pharmacological inhibitors of the ERK signaling 

pathway: Application as Anticancer Drugs. Progress in Cell Cycle Research 5 

(22), pp. 219-224. 

Kuo, P. c., Damu, A. G .. Lee K. H. & Wu, T. S. , 2004. Cytotoxic and antimalarial 

constituents from the roots of Eurycoma longifolia. Bioorganic & Medicinal 

Chemistry 12, pp. 537-544. 

Lam. K. S. 2006. Discovery of novel metabolites for marine actinomycetes. Current 

Opinion in Microbiology 9, pp. 245-251 

Leroy. K. & Brion, 1. P. 1999. Development expression and localization of glycogen 

ynthase kinase-3B in rat brain. Journal Chemical Neuroanatomy 16, pp. 279-

293. 

UMS 
UNIVERSITI MALAYSIA SABAH 



101 

Le\\~S, T.S., Shapiro, P.S. & Ahn, N.G. 1998. Signal transduction through MAP 

kinase cascades. Advanced Cancer Research 74, pp. 49-139. 

Madigan, M. T., Martinko, J. M. & Parker, J. 2003. Brock Biology o/Microorganisms, 

101h Ed. Prentice Hall, Pearson Education, New Jersey. 

Marai , R .. Light, Y., Paterson, !-I .F. & Marshall , C.J. 1995. Ras recruits Raf-1 to the 

plasma membrane for activation by tyrosine phosphorylation. EMBO Journal 

14 (13), pp. 3 136-3145. 

McCabe, R. E. , Luft., B. J. & Remington, J. S. 1986. The effects of cyclosporine on 

Taxoplasma gondii in vivo and in vitro. Transplantation 41 , pp. 611-615 

McMahon, A. P. & Bradley, A. 1990. The Wnt-l (int-I) proto-oncogene is required 

for development of a large region of the mouse brain. Cell 62, pp. 1073-1085. 

Medhj, R. B. A., Sioud, S., Fguira, L. F. B. , Bejar, S. & Mellouli , L. 2006. 

Purification and structure determination of four bioactive molecues from a 

newly iso lated Streptomyces sp. TN97 strain. Process Biochemistry 41, pp. 

1506-1513. 

Meijer, L., Flajolet, M. & Greengard. P. 2004. Pharnacological inhibitors of glycogen 

synthase kinase 3. Trends in Pharmacological Sciences, 25 (9), pp. 471-479. 

Mendelsohn, 1. & Baselga, J. 2000. The EGF receptor family as targets for cancer 

therapy. Oncogene 19 (56), pp. 6550-6565. 

Milh ard, T.A., Zolnierowicz, S. & Hemmings, B.A. 1999. Regulation of protein 

kinase cascades by protein phosphatase 2A. Trends in Biochemical Science 

24 (5), pp. 186-191. 

UMS 
UNIVERSITI MALAYSIA SABAH 



102 

Mohd oor, E. S. 2001. Phytochemical and Biolgy Studies on Eurycoma longifolia 

Jack. Bachelor of Science Dissertation, Universiti Malaysia Sabah 

( npublished) 

ik ajib ik A. Rahman, Furuta, T., Takane, K. & Mustafa Ali Mohd. 1999. 

Antimalarial activity of extracts of Malaysian medicinal plants. Journal of 

Ethnopharmacology 64, pp. 249-254. 

Park, . Y., Cho, S. 1, Kwon, H. C., Lee, K. R. , Rhee, D. K. & Pyo, S. N. 2005. 

aspase-independent cell death by allicin in human epithelial carcinoma cells: 

in olvement of PKA. Cancer Leller 234 (1), pp. 123-132. 

Pei. J . 1, Tanaka, T., Tung, Y. c., Braak, E., Iqbal , K. & Grundke-Iqbal , I. 1997. 

Distribution, levels, and activity of glycogen synthase kinase-3 in the 

Alzheimer disease brain. Journal Neuropathoogy & Experimental Neorology 

56, pp. 70-78. 

PI) te, . E .. Hughes, K., Nikolakaki, E., Pulverer, B. 1., Woodgett, 1 R. 1992. 

Glycogen synthase 3-3: functions in oncogenesis and development. 

Biochimica Biophysica Acla 1114, pp. 147-162. 

Pollard. T. D. & Earnshaw, W. C. 2002. Cell Biology. 151 ed. Elsevier Science, USA. 

Puah. . H. 2002. Penyaringan Me/abolit Sekunder Menentang Sistem Transduksi 

/s),l1rat dalam Yis Saccharomyces cerevisiae. Disertasi Sarjana Sains, 

ni ersiti Malaysia Sabah (Tidak diterbitkan). 

RaJ... 1.. Filmu . J., Finkenzeller, G., Grugel, S., Marrne, D. & Kerbel, R.S. 1995. 

Oncogenes as inducers of tumor angiogenesis. Cancer Metastasis Review 14 

(4), pp. 263-277. 

UMS 
UNIVERSITI MALAYSIA SABAH 



103 

ae\\an. uthcrland, J. D. & Chantrapromma, K. 2006. Antimalarial 

tetranortriterpenoids from the seeds of Langsium domesticum corr. 

PhylOchemisrry 67, pp. 2288-2293. 

am),1. ugumaran. M., & Lee, K. W. 2005. Herhs of Malaysia: An Introduction to 

rhe Medicinal. Clinary, Aromatic of Cosmetic Use of Herbs. Times ed. 

Federal Publication Sdn. Bhd., Selangor 

chaetTer. II. & Weber, M. J. 1999. Mitogen-activated protein kinases: specific 

mes engers from ubiquitous messengers. Molecullar and Cellular Biology] 9 

ehgal. 

4), pp. 2435-2444 

., Baker, H. & Vezina, C. 1975. Rapamycin 9AY-22.989), a new 

antifungal antibiotic: II. Fermentation, isolation and characterisation. Journal 

Antibiotics 28, pp. 727-732. 

ham ul Khami , Tajuddin Abdul Monap & Mazina Mohd. Yusoff. 2003. Tumbuhan 

Ubalan Tradisional Malaysia. 1 S\ ed. Institut Biosains UPM, Serdang. 

hahri , H. 200 I . Phytochemical and Biolgy Studies on the Methanol and Aqueous 

ex/raelS of Baeckea frustescens. Bachelor of Science Dissertation, Universiti 

ifalaysia Sabah (Unpublished) 

itarama)),a. A. (eds) 1999. introduction to Cellular Signal Transduction. 1 s l Ed. 

Birkhau er Boston, USA. 

' toilo\a., I., Krastanov, A. , Stoyanova, A., Denev, P. & Gargova, S. 2006. Antioxidant 

acti ity of a ginger extract (Zingiber officinale). Food Chemisfly. 

( npuli hed) 

UMS 
UNIVERSITI MALAYSIA SABAH 



104 

ashar, B .. [rie K., Printen, 1. A., Stevenson, B. J., Sprague, G. F. Jr., Matsumoto, K. 

& Errede, B. 1995. Yeast MEK-dependent signal transduction: response 

thresholds and parameters affecting fidelity. Molecular and Cellular Biology 

1 S. pp. 6545-6553. 

fan. W. . 2000. Phytochemical and Pharmacology Studies on Anarcadium 

occidentale. Bachelor of Science Dissertation, Universiti Malaysia Sabah 

(Unpublished). 

Todd. 1. L., Tanner, K.G. & Denu, J. M. 1999. Extracellular regulated kinases (ERK) 

1 and ERK2 are authentic substrates for the dual-specificity protein-tyrosine 

phosphatase YHR. A novel role in down-regulating the ERK pathway. 

Journal Bioogicafl Chemistry 274 (19), pp. 13271-13280. 

Tortora, G. J., Funke, B. R. & Case, C. L. 2000. Microbiology: An Introduction, 7th Ed. 

Benjamin Cummings, San Francisco. 

eda, Y. , Hirai. S. , Osada, S., Suzuki , A., Mizuno, K. & Ohno, S. 1996. Protein 

kinase C activates the MEK-ERK pathway in a manner independent of Ras 

and dependent on Raf. Journal Biological Chemistry 271 (38), pp. 23512-

23519. 

Wang. Q. M .. Fiol , C. J .. DePaoli-Roach, A. A. & Roach, P. 1. 1994a. Glycogen 

yntha e kinase-3~ is a dual specificity kinase differentially regulated by 

t r sine and serine/ threorine phosphorylation. J. BioI. Chern 269, pp. 14566-

14574. 

atanabe,Y., Irie, K. and Matsumoto, K. 1995. Yeast RLMI encodes a serum 

response factor-like protein that may function downstream of the Mpk 1 (Slt2) 

mitogen-activated protein kinase pathway. Molecular and Cellular Biology 

15, pp. 5740-5749. 

UMS 
UNIVERSITI MALAYSIA SABAH 



105 

\\ dn:t~In-()ppcnhcimer, .R., Blalock, W.L., Steelman, L.S., Chang, F. & McCubrey, 

J.A. _000. The Raf signal transduction cascade as a target for 

ch~motherapeutic intervention In growth factor-responsive tumors. 

PJwrJ1wcolOK;' Therapeutics 88 (3), pp. 229-279. 

WlIn!!. f.... . II. _ 01. Phytochemical and Biology Studies on A lpinia galanga. Bachelor 

of .'cience Oi ertation, Universiti Malaysia Sabah (Unpublished). 

Wl ng. L. }00 1. Phytochemical and Biology Studies on Calophyllum inophyllum 

(Pt!}llI~lI Laul). Bachelor of Science Dissertation, Universiti Malaysia Sabah 

(l npublished). 

\\ Olhh!l!t t. J. R. 1990. Molecular cloning and expression of glycogen synthase kinase

... factor . EMBO Journal 9, pp. 243 1-2438. 

\\ UOU!!l! lt. J . R. 1991 . cDNA cloning and properties of glycogen synthase kinase-3. 

\/(! (i1od Enzymology 200, pp. 564-577. 

UMS 
UNIVERSITI MALAYSIA SABAH 


